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INTROOUCTI~N 
The ChemCoal Process u t i l i z e s  chemical means t o  t ransform coal and o the r  car- 

bonaceous ma te r ia l s  t o  s o l i d ,  l i q u i d ,  and s l u r r y  products. The process uses coal -  
der ived so lvents  and aqueous a l k a l i  t o  d i sso l ve  and breakdown carbonaceous 
mater ia ls .  
reac t i on  t o  cap organic  species. 
a ted from the  so lub le  organic  f r a c t i o n .  
water are ext racted from the so lub le  f r a c t i o n  and preasphaltenes (PA) and 
asphaltenes (A)  are p r e c i p i t a t e d  by t h e  a d d i t i o n  o f  methanol. The p r e c i p i t a t e d  PA 
and A, t he  ChemCoal s o l i d  products, have been s l u r r i e d  and used i n  a d iese l  
engine. The methanol f r a c t i o n  i s  processed t o  recovery recyc le  sol vent, a1 ka l  i , 
water, l i g h t  o i l s ,  and methanol. 
process operat ion a t  t h e  U n i v e r s i t y  o f  Nor th Oakota Energy Research Center 
(UNDERC). A 10 TPO demonstrat ion p l a n t  i s  proposed and w i l l  be s i t e d  near 
Powhatan Point, Ohio. 

CLASSICAL THERMAL PROCESSES 

Class ica l  d i r e c t  coa l  l i q u e f a c t i o n  processes i n v o l v e  h igh  temperature thermal 
treatment of coal t o  rup tu re  chemical bonds producing f r e e  rad i ca l  coal fragments. 
The f ree rad i ca l  fragments are s t a b l i z e d  by capping, w i t h  hydrogen o f  a coal -  
der ived so lvent  u s u a l l y  represented as Tetrahydrodecal in  (THO), C10H12. 
represented as F igu re  I. 

Carbon monoxide i s  used t o  generate hydrogen v i a  the water gas s h i f t  
I n s o l u b l e  s u l f u r  and ash i m p u r i t i e s  are separ- 

Recycle solvent, l i g h t  o i l s ,  a l k a l i ,  and 

The process has been evaluated under continuous 

Th is  i s  

F igu re  I FREE RADICAL MECHANISM 

Hydrogen Donation C10H12 + 4R' f=z===========Y 4RH + C10H8 
S t a b i l i z e d  Coal Product 

The c l  assi ca l  process requ i res  tempertures and pressures o f  approximately 
425°C and 2500 psig. 
and so lvent  regenerat ion are c a r r i e d  o u t  simultaneously i n  the  l i q u e f a c t i o n  reac- 
t o r .  
consumption of 4,000 SCF/ton o f  coal .  

Competing f r e e  r a d i c a l  react ions,  n o t  shown i n  F igu re  I ,  can occur r e s u l t i n g  
i n  recondensation of t h e  free r a d i c a l  coal  fragments and degradation o f  t h e  hydro- 
gen s h u t t l e  species. 
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I n  the SRC process thermal bond rupture, hydrogen donation 

The hydrogen gas treatment r a t e  may be 20,000 SCF/ton o f  coal feed w i t h  a 

Hydrogen s h u t t l e  species a r e  converted t o  degradation spe- 



I 

c i e s  which do no t  l e n d  themselves t o  regeneration. Condit ions which favo r  the  
hydrogen donation r e a c t i o n  do no t  necessar i ly  f avo r  sol vent regeneration. 
process attempts t o  overcome the  so lvent  degradation and regenerat ion 1 i m i t a t i o n s  
by use of a separate c a t a l y t i c  regeneration reactor .  

The EDS 

IONICALLY-AIDED CONVERSION 

The chemical t r a n s f o r n a t i o n  o f  coal ,  by t h e  ChemCoal Process, may make use o f  
i o n i c  chemistry wh i l e  b e n e f i t i n g  from low temperature thermal bond rup tu re  mecha- 
nisms. 

ChemCoal Process mechanisms may b e n e f i t  from both i o n i c  and thermal pro- 
cesses. The keto form o f  t h e  o-(hydroxyphenyl Iphenylmethane, OPPM, shown i n  
F igu re  I1 i s  more e a f i l y  formed i n t o  to luene and phenol than t h e  enol form. 
C-C bond shown by ' x  i n  I1 decreases i n  s t reng th  from 86 t o  46 kcal/mol. 
decrease i n  bond st rength,  due t o  a s h i f t  from sp2-sp3 t o  sp3-sp3 bondings as wel l  
as i t s  a l l y l i c  p o s i t i o n  w i t h  respect t o  the  oxygen atom, i s  co r re la ted  t o  a 
decrease i n  a c t i v a t i o n  energy over unassisted bond cleavage. The major  e f f e c t  o f  
a nuc leophi le  such as PhO- i s  t o  f a c i l i t a t e  proton t r a n s f e r  i n  keto/enol tauto-  
merisms. The bond may then be broken homo ly t i ca l l y  a t  a lower temperature. 
enol tautomerisms may be i o n i c a l l y  aided lead ing  t o  the low temperature thermal 
bond rupture.  

The r o l e  o f  t he  PhO- and form e mechanism i n  the ChemCoal Process has been 
repor ted by Por te r  and co-workers!81 The r o l e  o f  oxygenat h rocarbon bond 
d i s s o c i a t i o n  has been repor ted by McMil len and c o - w o r k e r s . ~ ~ ) ? ~ ) ( ~ ~  

I n  the  ChemCoal Process the  t ransformat ion o f  coal i s  achieved a t  about 325Y 
and 1250 p s i g  i n  the  presence o f  phenolics, added a l k a l i  and water, and carbon 
monoxide. The requirement f o r  t e t r a l i n  o r  o the r  hydrogen s h u t t l e s  does no t  e x i s t .  
Hydrogen p lays  a p a r t  i n  the conversion b u t  an external  source o f  hydrogen i s  n o t  
required, as the  hydrogen i s  supplied from the water and CO. 

Under the  ChemCoal processing cond i t i ons ,  t h e  water gas s h i f t  r e a c t i o n  (WGSR) 
i s  promoted. 
promote the  WGSR do no t  necessar i ly  promote t ransformat ion o f  coal .  Therefore, i t  
i s  assumed t h a t  there i s  a competing r e a c t i o n  b u t  t h e  presence o f  hydrogen and the 
formate i o n  are b e n e f i c i a l .  

I o n i c  reac t i ons  are represented i n  F igu re  11. 

The 
Th is  

Keto- 

It has been observed i n  the  l abo ra to ry  t h a t  those cond i t i ons  which 

FIGURE 11. TUERHAL BOND RUPTURE AND ISOHER12ATION OR H-CAPPING 
IN THE PRESENCE OF A SUITABLE H-DONOR 

o-benrylphenol  

or 

H-Capping i n  
t h e  p c e s t n ~ e  
OL s u i t a b l e  

P h 
b 

k l P h  

(nucl.ophi10 a a . i s t e d  
p-benzylphon01 

..a. r.ng.ent1 

71 



PROCESS DESCRIPTION 
The ChemCoal Process i nvo l ves  t h e  f o l l o w i n g  f i v e  steps shown i n  F igure 111: 

F i g u r e  I 1 1  ChemCoal Process Schematic 

Sol va t i on  Lv 
Sol i d  

I I CH7OH 1 
Di  s t i l l  a t i  on 

c 
ChemCoal Sol i d  D i  s t i  11 ates 

Preparation: The coal i s  crushed and mixed w i t h  recyc le  so lvent .  
Sol vat ion:  The coal s l u r r y  i s  heated t o  about 325°C i n  the presence of 

syngas a t  approximately 1250 psig. 
des ign incorporates a slow heat ing r a t e  and a means t o  
ma in ta in  S/C r a t i o s  i n  t h e  reactor .  
The s l u r r y  i s  cen t r i f uged  t o  remove the so l ids.  
The f i l t r a t e  i s  t r e a t e d  w i t h  methanol t o  e x t r a c t  phenol, 
water, and a l k a l i .  The ChemCoal s o l i d  p r e c i p i t a t e s  and i s  
separated from t h e  l i q u i d  phase. 
The l i q u i d  phase i s  d i s t i l l e d  t o  recover methanol, d i s t i l -  
l a t e s ,  and r e c y c l e  solvents. 

The preheater and reactor  

S o l i d  Separation: 
L i q u i d  Separation: 

D i  s t i l l  a t i on :  

PROCESS RESULTS 

Table I s u m a r i z e s  t h e  u l t i m a t e  ana lys i s  o f  th ree  ChemCoal Process coal- 
der ived s o l i d  products. 
a re  s i m i l a r  t o  No. 2 and No. 6 f u e l  o i l  i n  terms o f  s u l f u r ,  n i t rogen,  and ash 
content. 

It i s  impor tant  t o  note t h a t  t h e  coal -der ived products 
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Table I ChemCoal Product Analyses Compared t o  Fuel O i l s  

Coal Rank: L i g n i t e  Bituminous Fuel O i l  Fuel O i l  
Source: No. Oak. Ohio No. 6 No. 6 No. 2 

Ash 0.19 
Carbon 83.5 
Hydrogen 6.41 
Nit rogen 0.92 
S u l f u r  0.25 
Oxygen ( d i  f f )  8.73 
HHV ( 8 t u / l b )  15,400 
l b  Ash/MMBtu 0.115 
l b  S02/W8tu 0.32 

0.12 0.01- 0.5 N i  1 
86.06 86.5 -90.2 86.1-88.2 
6.11 9.5-12.0 11.8-13.9 
1.23 2.0 0.2 
0.41 0.7- 3.5 .05- 1.0 
6.07 2.0 N i  1 
15,700 17,400-19,000 19,000-19,750 
0.076 0.005-0.30 N i l  
0.52 0.75-4.0 05.1.0 

Other ChemCoal Product P roper t i es  ( t y p i c a l  ) :  
A u t o i g n i t i o n  Temperature 1100, 2 3OoF 
Equ i l i b r i um Moisture 0.9% 
Spec i f i c  Grav i t y  1.03 

Also o f  concern i n  t h e  processing o f  coal i s  t h e  s u l f u r  and ash content  o f  
t h e  products. 
which shows t h a t  t he  products are very l ow  i n  ash and s u l f u r  content. I n  t h e  case 
o f  an Eastern coal from t h e  Sunnyhi l l  Mine i n  Ohio (Ohio No. 6 seam), i t  i s  seen t h a t  
t he  s u l f u r  and ash content  are reduced from 2.11 weight % t o  0.41 weight  % and 
10.5 weight % t o  0.12 weight %, r espec t i ve l y .  I n  t h e  case o f  t h e  Western low-rank 
coal from the Ind ian  Head Mine (Zap seam) o f  Nor th Dakota, t h e  s u l f u r  and ash are 
reduced from 1.18 weight % t o  0.25 weight % and 12.93 weight % t o  0.19%, respec- 
t i v e l y .  

Resul ts  obtained from a se r ies  o f  coa ls  a r e  summarized i n  Table I 1  

Table I1 ChemCoal Process Resul ts  

ChemCoal Percent 
Feedstock : 
I d e n t i f i c a t i o n :  

Coal Feeda Producta Reduction 
S u l f u r  Ash S u l f u r  Ash S u l f u r  Ash - - - -  _ _ -  

Ohio No. 6 2.11 10.5 0.41 0.12 80.6 98.9 

North Dakota L i g n i t e  1.18 12.93 0.25 0.19 78.8 98.1 
(Sunnyh i l l )  

( I n d i a n  Head Mine) 
Colorado Wadge 0.51 8.56 0.23 0.03 54.9 99.6 

(Energy Fuels 11) 

(B ig  Brown) 
Texas L i g n i t e  0.85 14.10 0.07 0.07 91.8 99.5 

a Weight percent, on a mois ture- f ree bas is .  

CONTINUOUS PROCESS UNIT (CPU OPERATION i 

1 mode. The u n i t  i s  depic ted schematical ly i n  F igu re  I d 5 ) .  Table 111 summarizes 
I 

A continous process u n i t  was operated a t  UNDERC under the  ChemCoal processing 

t h e  operat ing cond i t i ons  f o r  the CPU t e s t  on an Ind ian  Head L i g n i t e .  The CPU 
operated f o r  40 recyc le  passes. 
recyc le  so lvent  was approximately 95% coal -der ived from t h e  process. 

The r e s u l t s  confirmed 
e a r l i e r  batch conversion data, estab l ished o p e r a b i l i t y  o f  t he  process, and so lvent  
ba l  antes. 

During passes 30-39, GC/MS data i n d i c a t e d  the  ! 
Table I V  summarizes the  r e s u l t s  from t h e  recyc le  t e s t .  t 
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FIGURE IV 
The ChernCoal CPU Scheme 

I I 

Solvent w Water 
Make.up NaOll-1.45 

Coal. wrh'water. 25.34 
m l  ARWfoAsh. 7.48 
mICoal 25.74 
mal Coal 23.81 

I 

FIGURE 2.4. Developing Stream Dala as WI% 01 Feed Slurry 

/--A-J ChemCoal 

Table 111 ChemCoal Recycle Test - Operating Conditions 
Indian Head Lignite 

1.8 solvent-to-coal r a t i o  (2 .5  lbs/hr)  
A1 kal i a t  6% of MAF coal 
Preheater/refl ux -- 25O0C/18O0 psi  
Reactor/refl ux -- 340"/1800 psi 
Syngas feed before reactors  ( 7  SCFH) 
MEOH addition t o  PPT ChemCoal sol ids  
Centrifuge -- sol ids  removal 
Dis t i l l a t ion  -- 19" VAC/10O0C 

Table iV ChemCoal Recycle Test - Results 
Indian Head Lignite 

I 

. System operable for  40 recycle passes . Solvent balance achieved 

. Conversions -- = 85% MAF coal . Reductant consumption ( C O )  i n  H2 equivalents 6 1.5% MAF coal . Gas make -- * 2.0% M A F  coal . PA and A y i e l d  -- 50% MAF coal . D i s t i l l a t e  y ie ld  -- 30% MAF coal 

7 4  
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DEMONSTRAT I ON PLANT 
An o v e r a l l  b lock  f l o w  diagram o f  a conceptual 10 TPD.ChemCoa1 demonstrat ion 

p l a n t  i s  shown i n  F i g u r e  V. A b r i e f  d e s c r i p t i o n  o f  t h e  processing steps i s  g i ven  
i n  the f o l l o w i n g  paragraphs. 

The coal i s  rece ived  from storage, crushed and ground t o  80% minus 200 mesh. 
The coal i s  then mixed w i t h  two pa r t s  O f  process-derived recyc le  so lvent  t o  one 
p a r t  coal and an amount o f  aqueous a1 ka l  i . 

The s l u r r y  mix i s  pumped t o  about 1500 p s i g  through a 
heater/preheater/reactOr system. 
t i o n  occurs a t  about 340°C. 

The reac to r  e f f l u e n t  m ix tu re  (gas, l i q u i d ,  and s o l i d s )  i s  separated i n  a 
phase separator. 
t o  the l i q u i d  s l u r r y  streams. 
species . 

The s l u r r y  stream i s  processed through a c e n t r i f u g e  t o  remove so l i ds .  
f i  1 t e r  cake ( c e n t r i f u g e  sol i d s )  i s  washed t o  recover process so lvent  cons t i  t u -  
t en ts ,  which a re  re tu rned  t o  t h e  process. The cleaned cake i s  rendered i n e r t  by 
heat treatment (py ro l yzed ) ,  a l l  l i q u i d s  returned t o  the  process, and a l l  gases 
( n o t  shown) f l a r e d  and scrubbed. 

stream. The ChemCoal so l  i d  product (coal -der ived preasphaltenes and a1 phal tenes) 
p r e c i p i t a t e s  when contacted w i t h  methanol. The p r e c i p i t a t e  i s  removed by c e n t r i -  
fugat ion,  washed, and s tored f o r  subsequent product t es t i ng .  The l i q u i d  stream i s  
d i s t i l l e d  t o  recover recyc le  so lvent ,  coal -der ived d i s t i l l a t e ,  and methanol. 

Inc., C R I  Associates, L imi ted,  and The Nor th American Coal Corporat ion i s  p lanning 
t o  design, cons t ruc t ,  and operate a demonstration p l a n t  a t  a f a c i l i t y  near 
Powhatan Po in t ,  Ohio. 
the MK-Ferguson Company o f  Clevland, Ohio are a s s i s t i n g  ChemCoal Associates i n  
t h i s  e f f o r t .  

I n  t h e  presence o f  carbon monoxide, coal solva- 

Residual l i q u i d s  are condensed from the  gas stream and returned 
The gases are f l a r e d  and scrubbed t o  remove noxious 

The 

The f i l t r a t e  ( c e n t r i f u g e  l i q u i d s )  a re  contacted w i t h  a recyc le  methanol 

ChemCoal Associates, a j o i n t  teaming arrangement between Carbon Resources, 

The U n i v e r s i t y  o f  Nor th Dakota Energy Research Center and 
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